Abstract Using the Urumqi 25 m radio telescope, sources from the first three-month Fermi -LAT detected AGN catalog with declination > 0
INTRODUCTION
In the 1990s the space γ-ray telescope EGRET (the Energetic Gamma Ray Experiment Telescope) identified 66 blazars during its mission (Hartman et al. 1999) . Fermi (the Fermi Gamma Ray Space Telescope spacecraft), the successor of EGRET, launched in 2008 , is now in all-sky survey mission. Fermi has a much higher sensitivity and pointing accuracy than EGRET, and has already detected more AGN (Active Galactic Nuclei), see Abdo et al. (2010) . The first three-month observations of the Fermi -LAT (Large Area Telescope on board the Fermi Gamma Ray Space Telescope spacecraft) detected 132 bright γ-ray sources in which 104 are blazars (Abdo et al. 2009 ). Some of the Fermi -LAT detected AGN exhibit γ-ray variability on timescales of days.
Blazars are either flat-spectrum radio quasars or BL Lac objects, and they are extremely variable at all observable wavelengths on timescales ranging from less than an hour to many years, both in total power and linear polarization. The apparent motions of VLBI (Very long Baseline Interferometry) components along their jets are often highly superluminal with brightness temperatures being close to the inverse-Compton limit. Such violent behaviour in blazars is attributed to relativistic jets oriented very close to the line of sight (Rees 1966; Urry & Padovani 1995) . The relationship of variability at different wavelengths is a crucial test for theoretical models of these outbursts/flares in γ-ray AGN.
Although it is generally accepted that the γ-rays detected from blazars are emitted from collimated jets of charged particles moving at relativistic speeds (Maraschi et al. 1992) , open questions remain. The mechanisms by which the particles are accelerated, the precise site of the γ-ray production, the origin of AGN variability and the γ-ray duty cycle of blazars are still not well understood.
IDV (Intra-Day Variability, rapid variability on timescales of few hours to few days) observation and radio monitoring can provide the variability characteristics of AGN in radio, allowing us to search for correlations between radio and γ-ray luminosities and to study the connection between the emission mechanisms.
Intraday variability of radio flux density has been found in about 30% to 50% of the flat-spectrum radio sources (Quirrenbach et al. 1992; Lovell et al. 2008) . If interpreted as being source intrinsic, the rapid variability would imply micro-arcsecond scale sizes of the emitting regions, which would result in excessively large apparent brightness temperatures far in excess of the inverse-Compton limit of ∼ 10 12 K (Kellermann & Pauliny-Toth 1969; Readhead 1994) . Thus, theories which explain IDV with variations intrinsic to the blazars, require either excessively large Doppler boosting factors or special source geometries (such as non-spherical relativistic emission models, e.g. Qian et al. 1996) or coherent and collective plasma emission (Benford 1992; Lesch & Pohl 1992) to avoid the inverse-Compton catastrophe. Alternatively, IDV was explained by interstellar scintillation (ISS), especially for very rapid variables such as PKS 0405−385, J1819+384, PKS 1257−326 and J1128+592 (Kedziora-Chudczer et al. 1997; Dennett-Thorpe & de Bruyn 2000; Bignall et al. 2003; Gabanyi et al. 2009 respectively) .
Almost all the Fermi-LAT detected AGN are blazars. There appears a significant correlation between the radio flux density at 15 GHz and γ-ray flux density of the Fermi -LAT AGN (Ackermann et al. 2011) . It is expected that the Fermi -AGN are more IDV-active than non γ-ray AGN. Dedicated IDV and flux density monitoring observations are needed to study the variability on different timescales and to correlate the occurrence of IDV with the γ-ray activity of the Fermi -AGN. In March 2009, we launched a program with the 25-m Urumqi radio telescope at 4.8 GHz to investigate the intra-day to inter-month variability of the first three-month Fermi -detected AGN. We aim at searching for new IDV sources, and for a statistical comparison of the radio and the γ-ray emission of Fermi -detected AGN.
In this paper, we present the results from our single dish radio observations of the Fermi-LAT detected AGN with declination > 0
• . We adopt S ∝ ν α to define a spectral index throughout the paper.
THE SAMPLE AND OBSERVATIONS
Our sample is selected from the first three-month Fermi -LAT detected AGN catalog (Abdo et al. 2009 ). We originally observed 63 sources with declination > 0 • from the catalog as our pilot 'cross-scan' observations in March 2009. Thirteen sources were rejected due to poor data quality in the pilot run. Flux densities of 50 sources were obtained in the pilot observation at 4.8 GHz, including the galaxy NGC1275 (3C84). We selected the sources for IDV observation from the 50 sources by following criteria:
1. Blazars with source brightness: S 4.8GHz > 0.3 Jy. 2. Source compactness: measured full-width-half-maximum (FWHM) of source brightness profile < 700'' which is ∼1.2 times the antenna beam size at 4.8 GHz. Extended source brightness profile may indicate a confusion between the target and its nearby sources which cannot be resolved by the 25-m radio telescope at 4.8 GHz.
The criteria restrict the number of the sources for IDV observation to be 45, unfortunately 3 of them, namely J0920+4441, J1229+0203 (3C273) and J1253+5301 were not involved in afterwards IDV campaign by mistake. Therefore, the sources which IDV observations were carried out are 42, which consists of 24 flat-spectrum radio quasars and 18 BL Lac objects.
The IDV observations were carried out in order to study the short time-scale variability of the γ-ray bright blazars. These sources were also planned to monitor monthly from March to December in 2009 at 4.8 GHz. Since all of the selected sources are strong and compact, both the IDV observations and the flux monitoring were performed in 'cross-scan' mode. 
IDV observations
The three IDV observing sessions performed with the Urumqi telescope are summarized in Table 1 ; column 1 the symbols for different epochs; column 2 the starting and ending dates of the experiments; column 3 the duration; column 4 the mean number of flux density measurements per hour; column 5 the number of observed sources (including the calibrators, usually we use 3C286, 3C48 and NGC7027 as primary calibrators, B0836+710 and B0951+699 etc as secondary calibrators); column 6 the average number of measurements per hour for each Fermi blazar (duty cycle, which represents the shortest time scale on which we can search for variability); column 7 the average modulation index of calibrators, which is probably the most important since it reflects the conditions of the observation (the lower the m 0 the better the weather, and/or the more stable the receiver) and will be described in the following sections.
Inter-month observations
The 42-blazar sample was also planned to be monitored monthly from March to December in 2009 at 4.8 GHz. Each source was at least measured once in an individual observation. Sometimes the flux density measurements were repeated for sources whose observations were affected by adverse conditions such as bad weather and low elevation. Actually, not all sources were observed every month due to time limitation, so that some sources have no data in some months. In fact no data in June 2009 for all sources.
DATA CALIBRATION
All observations have been done in 'cross-scan' mode with a central frequency of 4800 MHz and a bandwidth of 600 MHz, see Sun et al. (2007) for a description of the observing system. Each scan consists of 8 sub-scans in azimuth and elevation over the source position, fourfold in each coordinate. This enables us to check the pointing offsets in both coordinates. After applying a correction for small pointing offsets, the amplitudes of both azimuth and elevation are averaged. Then, we correct the measurements for the elevation dependent antenna gain and the remaining systematic time-dependent effects by using a number of steep spectrum and non-variable secondary calibrators. Finally, we convert our measurements to absolute flux density. The conversion factor is determined as the average scale of the frequently observed primary calibrator's assumed flux densities (Baars et al. 1977; Ott et al. 1994 ) by the measured temperatures, where we use the assumed flux density of 7.53 Jy, 5.53 Jy and 5.47 Jy at 4.8 GHz for the primary calibrators 3C286, 3C48 and NGC7027 respectively in our data reduction. The overall typical error on a single measurement is around 0.3-1.5% of source flux density depending e.g. on weather conditions and source intensity, usually weaker sources have larger errors in individual measurements. Our data reduction of the radio flux density has an essentially similar procedure to the Effelsberg data reduction (e.g. Kraus et al. 2003 ). Actually we have made simultaneous IDV observations with Urumqi and Effelsberg telescopes as early as April 2006, we obtained consistent results between the two telescopes. After the data reduction described above, the light curves of the sources were obtained. In Fig. 1 we give an example of the variability curve after data calibration, we can see that the scatter of the calibrator is really small. In addition, 11 sources have been measured for flux densities while they were not involved in the IDV observations, the flux densities are useful in the correlation analysis between radio flux density and Fermi γ-ray intensity. So we list the source name/type (Q-quasar, BL-BL Lac object), flux density and observing epoch in Table 2 , although three sources were measured for flux densities in July, August and September 2009. The radio galaxy 3C84 has the flux density of 16.174±0.065 Jy measured in March 9, 2009, which is not listed in Table 2 .
STATISTICAL ANALYSIS AND RESULTS
For the data analysis, we use several quantities such as the modulation index, the variability amplitude and so forth. Here we just give a brief summary, a detailed description of these parameters can be found in Kraus et al. (2003) .
1. The modulation index m m is defined as the standard deviation of the flux density divided by the mean flux density of source.
m provides a measure of the strength of the variations observed. One should notice that it does not account for the intrinsic noise in the data.
The variability amplitude Y
The noise-bias corrected variability amplitude Y is defined as
where m 0 is the mean modulation index of all non-variable sources (see Heeschen et al. 1987) , so, it corresponds to the average residual noise and possibly even systematic scatter in the calibrators.
Thus, compared to m 0 , Y works as a more uniform estimator of the variability strength, and it is useful for comparing data of different epochs. 3. χ 2 and reduced χ 2
As a criterion for the source variability, the hypothesis of a constant function is examined and the calibrated data is fitted by a χ 2 test of the kind
with the reduced χ
where S i denotes the individual flux densities, S their average in time, ∆ S i their errors and N the number of measurements (e.g. Bevington & Robertson 1992) . Only those sources for which the probability that they can be fitted by a constant function is ≤ 0.1%, are considered to be variable.
We define the modulation index M for the inter-month flux density variations similar as m for the IDV. For the calibrators we obtain M 0 ∼2 [%]. Because the inter-month data are sparse and unevenly sampled, we just treat the M 0 as the error of M , and did not define a noise-bias corrected Y for the inter-month data.
Here, we present the basic information of the sources, and the statistical results of the IDV and inter-month observations at 4.8 GHz in Table 3 . The different columns are assigned as follows: column (1) source J2000 name; (2) optical identification (Q: quasar, BL: BL Lac object) and VLBI structure (c: extremely core dominated, cj: core with a mild jet); (3) the spectral index from the SPECFIND V2.0 catalog of broad band radio spectra (Vollmer et al. 2010) , by using a least squares fit of the broad band [70-10500] MHz data for the majority of sources, and that the spectral index from two frequencies 1.4 and 8.4 GHz which is from the CRATES catalog (Combined Radio All-Sky Targeted Eight GHz Survey, Healey et al. 2007 ) except for three sources where the information is from NED; (4) symbols for different epochs (see Table 1 ); (5) effective number of flux measurements in IDV observation; (6) mean flux density in IDV observation; (7) the modulation index of IDV; (8) the reduced χ 2 of IDV; (9) the variability amplitude of IDV, a zero is given if m ≤ m 0 ; (10) IDV identification, a '+' is given if the source shows IDV; (11) the mean flux density of the inter-month observations and the modulation index of inter-month variability; (12) the effective number of measurements for inter-month variability. As shown in Table 3 , 26 sources (16 QSOs and 10 BL Lacs) show intra-day variability at a confidence level of larger than 99.9% at least once in IDV observations, according to χ 2 test. Thus the IDV occurrence is 26 out of 42 Fermi -blazars, indicating the IDV detection rate is ∼60%, which is higher than that in previous flat-spectrum AGN samples (e.g. Quirrenbach et al. 1992; Lovell et al. 2008 ). This high rate could be caused by a higher compactness of Fermi blazars relative to sources in other samples.
We find very pronounced inter-month variability in two BL Lac objects: J0112+2244 and J0238+1636, with modulation index 37.1% and 42.7%, respectively. Because the inter-month observation data are sparse and unevenly sampled, we will use only the 24 sources which have been observed at least in 5 months, for statistics in the following.
γ-ray and radio flux density
Combined radio and γ-ray data can be used to study the relationship between radio and γ-ray emission. We find that there is a correlation between the 4.8 GHz radio flux density of 52 sources and their γ-ray intensity ( Fig. 2) with a Spearman correlation coefficient of 0.48 (significance 2.8×10 −4 ) in total, 0.37 (significance 0.06) for QSOs, and 0.61 (significance 0.001) for BL Lacs, respectively. For quasars the correlation seems not significant, especially when removing the two strong quasars 3C273 and 3C454.3. However there still has a correlation coefficient of 0.42 (significance 0.02) for 50 sources after dropping the 2 strong quasars. It is notable that our sample is incomplete and the radio-γ data are not simultaneous. The 15 GHz simultaneous radio-γ result obtained in Caltech group (Readhead, private communication) shows a more significant correlation, where a new Monte-Carlo method was applied and an intrinsic correlation was found (also see Ackermann et al. 2011) .
The correlation between the radio and the γ-ray emission in the blazars can shed light on the physical link between the emission processes in the two energy bands. It is suggested that the Fermi -LAT detected blazars have on average higher Doppler factors than non-Fermi-LAT detected blazars (Savolainen et al. 2010) . It is possible that the γ-ray emission (via synchrotron self-Compton and/or inverse-Compton scattering by the relativistic electrons in radio jet) from the Fermi -LAT detected blazars could also be Doppler-boosted. 
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Spectral index and flux density variability
It is possible that the 4.8 GHz flux density variability is related to the source spectral index. In order to obtain a more realistic estimate of the spectrum from broad-band radio data, we checked our 42 blazars in SPECFIND V2.0 catalog of broad band [30-10500] MHz radio continuum spectra (Vollmer et al. 2010) , and obtained their indices, as the α1 shown in Table 3 . The frequency ranges of the spectra are [70-10500] MHz for 27 sources, [300-10500] MHz for 9 sources, [30-10500] MHz for 5 sources, and [1000-10000] MHz for 1 source, respectively. Although the spectral indices are from relatively low frequency ranges, the 42 blazars still show flat spectral indices α1 > −0.5 from the SPECFIND V2.0 catalog. We also list the spectral index α2 calculated with 1.4 GHz and 8.4 GHz flux density from the CRATES catalog in Table 3 .
We plot the variability strength versus the spectral index for 42 blazars in Fig. 3 . No obvious correlation was found between the spectral index α (from either the SPECFIND V2.0 catalog or the CRATES catalog) and variability amplitude Y of intra-day variability. The same results were obtained for intermonth variability (plot not shown here). However, it appears that the non-IDV blazars have the spectral indices α < 0.1 for the SPECFIND V2.0 and α < 0.2 (except one source with 0.26) for the CRATES 1.4/8.4 GHz spectral indices in Fig. 3 , suggesting that the non-IDV blazars have relatively 'steeper' spectral indices than the IDV blazars in general.
IDV and inter-month variability
We tried to check whether there is a relationship between intra-day and inter-month variability. We use only the inter-month data which have been observed at least in 5 months. No significant correlation was found for the sub-sample of 24 sources, however, better results could be expected for more sophisticated observations on a larger sample of sources in future.
Variability strength of QSOs and BL Lacs
We studied the different variability strength Y of IDV between QSOs and BL Lacs. Due to our incomplete sample, we calculate a median rather than a mean of the variability index. The result shows that the median is 3.96±4.92 for QSOs, and the median is 4.16±3.35 for BL Lacs. So there is no significant difference between QSO and BL Lac variability strength of IDV. All the 42 sources have been observed by VLBI techniques, e.g. in MOJAVE project (Monitoring Of Jets in Active galactic nuclei with VLBA Experiments, see Lister et al. 2009 ), and in the VCS project (VLBA Calibrator Survey, http://astrogeo.org/vcs/). We roughly checked that the VLBI structures of the 42 blazars, found that 14 out of 16 the type 'c' blazars in Table 3 are IDV sources, suggesting that IDV occurs more often in the VLBI-core dominant blazars. There is no correlation between the IDV variability and the source redshift.
SUMMARY AND OUTLOOK
With the Urumqi telescope at 4.8 GHz, we have measured flux densities of 52 blazars, carried out IDV observations and inter-month flux monitoring for 42 blazars, from the first three-month Fermi -detected AGN list. We summary the results as follows:
We are aware of the fact that this sample is small. Following the pilot studies presented in this paper, we have launched a program to search for rapid variability in a large sample of radio sources with the Urumqi telescope in 2010, which uses the CRATES catalog as the parent sample to further investigate our findings. With this new project we plan to study in detail the statistics of IDV, a possible correlation between the occurrence of IDV and the presence of strong γ-ray emission, and the properties of γ-ray AGN and non-γ-ray AGN.
